The high-quality satellite orbits of geodetic satellites, which are determined using Satellite Laser Ranging (SLR) observations, play a crucial role in providing, e.g., low-degree coefficients of the Earth's gravity field including geocenter coordinates, Earth rotation parameters, as well as the SLR station coordinates. The appropriate modeling of non-gravitational forces is essential for the orbit determination of artificial Earth satellites. The atmospheric drag is a dominating perturbing force for satellites at low altitudes up to about 700-1000 km. This article addresses the impact of the atmospheric drag on mean semi-major axes and orbital eccentricities of geodetic spherical satellites: Starlette, Stella, AJISAI, and LARES. Atmospheric drag causes the semi-major axis decays amounting to about Δa = −1.2, −12, −14, and −30 m/year for LARES, AJISAI, Starlette, and Stella, respectively. The density of the upper atmosphere strongly depends on the solar and geomagnetic activity. The atmospheric drag affects the along-track orbit component to the largest extent, and the out-of-plane to a small extent, whereas the radial component is almost unaffected by the atmospheric drag.
INTRODUCTION
Satellite Laser Ranging (SLR) provides substantial information about the origin of the reference frame (i.e., geocenter coordinates, Thaller et al., 2014; , the scale of reference frame, and low-degree coefficients of the Earth's gravity field (Bianco et al., 1998; Cheng et al., 1997; Chen and Wilson, 2008; Cheng et al., 2013) . The accuracy of laser observations at a level of a few millimeters allows deriving the high-quality orbits of geodetic satellites (Pearlman et al., 2002; Lejba and Schillak, 2011) . Therefore, SLR has a remarkable potential in realizing global reference frames and providing state-of-the-art geodetic parameters.
The appropriate modeling of gravitational and non-gravitational forces is, however, a key issue for the orbit determination of low orbiting satellites and for determination of geodetic parameters based on SLR observations. The satellite perturbations of gravitation origin (e.g., due to Earth's oblateness and high-degree gravity field coefficients, solid Earth, ocean, and atmospheric tides) strongly depend on the altitude of a satellite. Nongravitational forces depend not only on the altitude of a satellite, but also on properties of material the satellite is made of. The accelerations caused by non-gravitational forces are usually proportional to the area-to-mass ratio coefficient, which is the ratio of the satellite's cross-section and the mass. 
LOW-ORBITING GEODETIC SATELLITES

Starlette and Stella
Starlette and Stella are twin French passive geodetic satellites, launched by the Centre National d'Etudes Spatiales (CNES) in 1975 and 1993, respectively . Their cores consist of Uranium 238 formed as icosahedrons with 20 triangular planes (Seeber, 2003) . Each triangle carries a spherical aluminum cap with three embedded retroreflectors (see Figure 1 ). The diameter of each satellite is 24 cm, and the masses are 47 kg and 48 kg for Starlette and Stella, respectively. It corresponds to the area-to-mass ratios of 9.6·10 −4 m 2 kg −1 and 9.4·10 −4 m 2 kg −1 , i.e., about 36% higher than for the LAGEOS satellites, which results in a somewhat higher sensitivity to non-gravitational perturbations, e.g., to solar radiation pressure. Both Stella and Starlette are equipped with 60 identical corner cube retroreflectors for SLR tracking.
The Starlette's inclination angle of about 50
• , high orbital eccentricity of 0.021, and low altitude (800 km in perigee) allow determining the spherical harmonics of the Earth gravity field, especially the zonal terms due to the large drift of the ascending node and large variations of the orbital eccentricity excitation vector (Sośnica, 2014) .
Stella was launched into a near-circular sun-synchronous orbit with an inclination of 98.6
• and an altitude of 820 km above Earth's surface. Due to the Stella's orbit inclination angle, different than that of Starlette, a decorrelation of some parameters in combined Starlette-Stella solutions is possible (e.g., C 20 and Length-of-Day, Sośnica et al., 2012; 2014b) . Stella, along with Starlette, is mostly used for gravity field recovery, determination of the frequency dependent tidal response of the solid Earth, and the long wavelengths of the ocean tides, due to strong orbit resonances with tidal forces (Rutkowska and Jagoda, 2012) .
AJISAI
AJISAI (also known as Experimental Geodetic Payload or Experimental Geodetic Satellite, EGS) was launched on August 12, 1986 by the National Space Development Agency (NASDA) currently reorganized as Japan Aerospace Exploration Agency (JAXA). Objective of the mission is the precise positioning of fiducial points on the Japanese Islands and testing of NASDA's two-stage launch vehicle (Otsubo et al., 1994) . The satellite is equipped with 1440 uncoated fused silica corner cube reflectors for SLR (see Figure 2) , arranged in the form of 15 rings around the symmetry axis (Kucharski et al., 2009) . AJISAI is also equipped with 318 mirrors used for the optical/CCD observations. The mirrors are used for photometric measurements of AJISAI's spin period (Otsubo et al., 2006) , as well. The satellite orbits at the altitude of 1490 km and an inclination of 50
• . The mass of the satellite is 685 kg and the diameter is 215 cm. The area-to-mass ratio of AJISAI (58·10 −4 m 2 kg −1 ) is less favorable than in case of other geodetic satellites. Thus, AJISAI has a considerable sensitivity to non-gravitational forces perturbing its orbit. On the other hand, the layers of aluminum nets and a partly hollow interior minimize the magnetic torques affecting other geodetic satellites made of solid metal. AJISAI is one of the fastest spinning object amongst the geodetic satellites (Kucharski et al., 2013) . Its specific construction prevents the Earth's magnetic field from inducing eddy currents in the body, hence minimizing the slowdown of its spin and stabilizing the orientation of the spacecraft. 
LARES
LARES (LAser RElativity Satellite) was designed by the Scuola di Ingegneria Aerospaziale at the University of Rome and manufactured by the Italian Space Agency (ASI). The satellite was launched by the European Space Agency (ESA) on February 13, 2012 with the maiden flight of the new ESA small launcher VEGA. LARES was placed in a circular orbit at a height of 1450 km with an inclination of 69.5
• . This fully passive spherical satellite is made of a high density solid tungsten alloy and equipped with 92 fused silica corner cube reflectors (see Figure 2) . The corner cubes are arranged in the form of 10 rings around the polar axis of the body (Kucharski et al., 2012) . As opposed to the other geodetic satellites, LARES consists only of one metal layer without a specified inner core (Pavlis et al., 2012) . The mass of the satellite is 386.8 kg and the satellite radius is only 18 cm. Therefore, LARES has nowadays the smallest area-to-mass ratio amongst all artificial satellites (2.7·10 −4 m 2 kg −1 , i.e., 2.5 times smaller than LAGEOS), and moreover, LARES is the densest object in the Solar System (Pavlis et al., 2012) . Consequently, LARES is very sensitive to gravitational forces as well as to the perturbations emerging from the theory of general relativity due to its low altitude, whereas the orbit perturbations related to non-gravitational forces are greatly minimized.
The basic purpose of the satellite mission is to achieve important measurements in gravitational physics, space geodesy, and geodynamics: in particular, together with the LAGEOS-1 and LAGEOS-2 satellites and with the GRACE models, it will improve the accuracy of the determination of Earth's gravitomagnetic field, and of the Lense-Thirring effect (Pavlis et al., 2012) . Besides, the satellite can be used for the gravity field determination of low-degree harmonics, estimation of Earth rotation parameters, and defining the terrestrial reference frame (Sośnica et al., 2014a) .
PERTURBATIONS OF SATELLITE ORBITS
The most important non-gravitational forces acting on geodetic satellites can be divided into four groups:
• radiation pressure:
-direct solar radiation pressure: * direct radiation, * umbra and penumbra radiations, * light aberration,
-thermal satellite re-radiation forces: * the Yarkovsky effect, * the Yarkovsky-Schach effect,
-Earth radiation pressure: * infrared emissivity radiation pressure, * albedo reflectivity radiation pressure,
• atmospheric drag:
-drag due to the electrically neutral atmosphere,
-drag due to charged particles,
• thrust due to satellite asymmetricity,
• de-spinning due to interactions with the Earth's magnetic field.
For satellites at altitudes higher than about 2000 km, e.g., for LAGEOS, the impact of atmospheric drag is negligible and the direct solar radiation pressure constitues the source of the largest perturbations. Table 1 summarizes the forces acting on four geodetic satellites with different altitudes and different area-to-mass ratios. The impact of gravitational forces strongly depends on the satellite's altitude. The impact of Earth's oblateness term C 20 on LAGEOS is only 9 times smaller than the impact of the same term on Starlette, whereas the impact of C 20 20 (sectorial harmonic of degree= 20 and order= 20) on LAGEOS is already about 1000 smaller than on Starlette. Thus, using the satellites of different altitudes allows discriminating of different coefficients when the geopotential parameters are to be determined.
Comparing LARES and AJISAI, namely two satellites of similar altitudes, the impact of gravitational forces is nearly the same, whereas the impact of non-gravitational forces is about 22 times smaller for LARES than for AJISAI. The impact of non-gravitational forces Gravitational perturbations: for LARES). The impact of the direct solar radiation pressure on LAGEOS and Starlette/Stella is, thus, similar, because of comparable area-to-mass ratios, despite a totally different impact of the Earth's gravity field. For Stella and Starlette the variations of minimum and maximum values of the atmospheric drag can reach even three orders of magnitudes. Besides the thermal effects and atmospheric drag, geodetic satellites are affected by the light aberration effect, causing a secular decay of satellites' semi-major axes of the order of 8, 7, 43, and 2 mm/year for LAGEOS, Starlette (Stella), AJISAI, and LARES, respectively (Beutler, 2005) . The light aberration effect is, however, much smaller than the thermal and atmospheric drags, and thus, it has never been directly observed, so far.
ATMOSPHERIC DRAG
The drag due to the neutral and charged atmosphere particles is a dominating dissipative force for low orbiting satellites. The atmospheric drag leads to a loss of energy in a sense represented by a reduction of the satellite's semi-major axis a.
The upper atmosphere consists of the thermosphere beginning at the altitude of 95-120 km and the exosphere beginning at the altitude of 500-1000 km. The boundaries between the layers vary depending on solar activity, but in general, the low geodetic satellites orbit in the exosphere for most of the time. The major gases in the Earth's upper atmosphere are the lightest atmospheric gases, mainly: hydrogen, helium, and atomic oxygen. In the exosphere, there are negligible atomic and molecular collisions between the particles and the constituent atoms are on purely ballistic trajectories.
Assuming the laminar air currents, and that the atmosphere is co-rotating with the Earth, and neglecting thermal motion of molecules, the acceleration due to the atmospheric drag can be expressed as (Beutler, 2005) :
where:
• C D -scaling factor (C D =2 for spherical satellites and unbiased atmospheric density models),
• ρ (h,T,λ,φ,F 10.7 ,Ap) -density of the atmosphere,
-area-to-mass (cross-section-to-mass) ratio,
•ṙ -a relative velocity of the satellite with respect to the rotating atmosphere.
The density of the atmosphere ρ is a complex function of many constituents. E.g., the MSISe-90 (Mass Spectrometer and Incoherent Scatter extended) model (Hedin, 1991) and its successor NRLMSIS-00 (Picone et al., 2002) , the empirical atmospheric density models, allow estimating the atmospheric density as a function of:
• h -the height above the Earth's surface,
• T -time of the day (solar time) and the day of the year,
• λ, φ -geographical longitude and latitude,
• F 10.7 -solar flux (penticton 2800 MHz corresponding to 10.7 cm),
• A p -geomagnetic index. Figure 3 , left shows the atmospheric density as a function of the solar flux index F 10.7 for the orbit altitudes of Stella (or of Starlette in perigee) and AJISAI from the NRLMSIS-00 model. The atmospheric density at the LARES' altitude is similar to that at the AJISAI's. The solar flux index F 10.7 depends on the phase of the 11-year cycle of solar activity. The figure shows that the difference of atmospheric density, only due to the solar activity, varies within two orders of magnitude for Stella's altitude. During the periods of low solar activity the density is about 2 · 10 −15 kg m −3 , whereas during the high solar activity the density is 2 · 10 −13 kg m −3 for Stella's altitude. The variations of atmospheric density for AJISAI's altitude are smaller, yielding one order of magnitude. ) of Starlette or Stella, the acceleration due to the atmospheric drag at this altitude would be 6 · 10 −10 ms −2 , i.e., about five times smaller than the acceleration due to the direct solar radiation pressure (see Table 1 ). But 100 km lower, i.e., at 800 km the impact of both non-gravitational forces is already comparable and the induced acceleration yields 34 · 10 −10 ms −2 . Sośnica (2014) demonstrated that the Yarkovsky effect imposes an acceleration on LAGEOS of about 5 · 10 −12 ms −2 . A similar acceleration due to atmospheric drag would be at an altitude of 2500-4000 km depending on the solar activity. At the altitude of LAGEOS, the drag is mostly due to the interactions with the Van Allen belt particles. High and low orbiting geodetic satellites pass through Van Allen radiation belts, which are layers of energetic charged particles that are held in place around the Earth by its magnetic field. Spherical satellites absorb the van Allen belt particles that pass through, and change their momentum as a result. The interactions with charged particles cause a small drag-like force even at the LAGEOS altitudes (Rubincam, 1986 ).
DENSITY OF THE UPPER ATMOSPHERE
It should be noted that the atmospheric density is almost independent of solar activity below the altitude of 150 km. The maximum variations of density are at the altitudes of about 800 km, where most of the geodetic SLR satellites are orbiting, e.g., Starlette, Stella, Westpack, Larets, BLITS. Note different scales for X-and Y axes. Figure 5 , top shows the estimated acceleration on Stella, Starlette, and AJISAI due to the atmospheric drag for one day July 30, 2003, as a function of solar time. In case of Starlette, having large orbital eccentricity, the maximum accelerations are during the periods when the altitude of the satellite is minimum (812 km). In Starlette's apogee (1120 km) the acceleration is one order of magnitude smaller than in the perigee.
IMPACT ON SATELLITE ORBITS
For satellites having almost circular orbits (AJISAI and Stella) there is no direct relationship between the altitude and the acceleration due to the atmospheric density. The variations of the accelerations are much smaller for these satellites as compared to Starlette. In case of AJISAI the acceleration depends on the solar time. In case of Stella the acceleration is more a function of the actual geographical position and the relative velocity w.r.t. the rotating atmosphere. The acceleration on Stella is similar to the maximum acceleration on Starlette in the perigee. The acceleration on Starlette in apogee is, however, even smaller than the minimum acceleration on AJISAI, despite much higher altitude of AJISAI. It is because of the larger area-to-mass ratio of AJISAI, which makes this satellite very sensitive to non-gravitational forces. Figure 5 , bottom shows the relation between the solar time and the accelerations in along-track (S) and out-of-plane (W ) for AJISAI for one day (note different scales for the X and Y axes). The acceleration in S is always negative, whereas the acceleration in W is negative or positive, but for most of the time the acceleration in W is positive. The maximum (negative) acceleration in S and maximum positive acceleration in W is between 12h and 14h of the solar time. The zero acceleration in W is at around 6h and 16h. The minimum acceleration in S is around 2h, whereas the maximum negative acceleration in the W at about 21h. The figure shows that the relations between the accelerations in different orbit directions are not straightforward.
If a satellite's velocity vector were always perpendicular to the layers formed by nonrotating atmospheric particles, the drag force would affect only the tangential (∼along-track) orbit direction. Because the atmosphere co-rotates with the Earth and the satellites have different orbit inclination angles (and thus different directions of velocity vectors w.r.t. the atmosphere), the atmospheric drag affects not only the S orbital direction, but also W and radial R.
Figures 6, top and 6, bottom show the accelerations in S and W due to the atmospheric drag for Starlette and AJISAI projected on the Earth's surface. The acceleration in S is always negative. The acceleration in W is about twenty times smaller than the acceleration in S for both, Starlette and AJISAI, and it may assume positive or negative values. The accelerations in R are of the order of 10 −13 ms −2 , and therefore they are negligible.
In Figures 6, top and 6, bottom the dependency between the acceleration on ascending satellites (moving towards north-east) and descending satellites (moving towards south-east) is apparent. The dependency in S can be explained by the Starlette's orbital eccentricity. This cannot, however, explain the dependency in W on AJISAI, because the eccentricity of AJISAI's orbit is very small. The dependency in W on AJISAI can, however, be explained by the relative velocity between the satellite and the rotating atmosphere. The relative velocity depends on the inclination angle and the altitude of a satellite's orbit. For satellites with the orbit inclination angle 0
• the angle between the relative velocity vector and the normal vector to orbital plane W is above 90
• when a satellite is ascending. This implies negative accelerations in W due to atmospheric drag for ascending satellites. On the other hand, during the satellite's descending period, the angle between the relative velocity and the normal to the orbital plane is small, implying that the large positive accelerations occur in the out-of-plane direction.
MEAN ORBITAL ELEMENTS
Osculating orbital elements I(t), derived from the series of satellite's state vectors r(t),ṙ(t), show large high-frequency variations. Calculating the mean orbital elements, which allow us to study the long-term evolution of orbital elements, is necessary in order to study secular orbit perturbations of the order of several cm/year. The mean elements are computed by averaging the osculating elements over a number of full revolutions (Beutler, 2005) . A set of mean elements:
is obtained by:Ī (t, Δt(t)) = 1 Δt
where Δt(t) denotes the averaging time interval covering an entire number of revolution periods and I(t) is a set of orbital elements associated with an epoch t:
To study the impact of the atmospheric drag on low orbiting satellites, we processed 10 years of SLR data of Starlette, Stella, and AJISAI for the time span 2002.0-2012.0 and 2.3 years of LARES data (2012.2-2014.5), and then we transform the derived osculating elements to the mean orbital elements by averaging the osculating orbital elements with the 0.1 s interval over 12 revolutions.
The solutions are computed using the development version of the Bernese GNSS Software with the capability of processing SLR observations to low orbiting geodetic satellites. For the orbit integration the collocation method developed by Beutler (2005) is used with a 1-minute interval step and using a polynomial degree 12. The variational equations of the equation of motion are calculated in 4-minute intervals using degree 12 polynomial. 1-day satellite arcs are generated on the basis of SLR observations provided by the global network of the SLR stations. The orbit modeling standards follow the Conventions of the International Earth Rotation Service (IERS) from 2010 (Petit and Luzum, 2010) and the recommendations of the International Laser Ranging Service (ILRS) Analysis Working Group for SLR data exclusions and station corrections. Besides the 6 Keplerian elements, the orbital arc definition includes once-per-revolution empirical accelerations in S and W and the estimation of the atmospheric drag scaling factor C D with the 1-day interval. More details on the orbit modeling standards for low orbiting geodetic satellites can be found in Sośnica et al., (2014b) .
In the final step, the orbital osculating elements are represented with the 0.1 s intervals and then, they are averaged out over 12 revolutions to obtain the values of the mean orbital elements. Figure 7 shows the mean semi-major axes of AJISAI, Starlette, and Stella, respectively, with fitted polynomial of third degree. The mean secular decays of semi-major axes yield:
STARLETTE, STELLA, AND AJISAI
• Δa = −12 m/year for AJISAI,
• Δa = −14 m/year for Starlette,
• Δa = −30 m/year for Stella.
Despite the much higher altitude of AJISAI, the secular decay due to the atmospheric drag is comparable to the secular decay of Starlette, because of different area-to-mass ratios. [2005] [2006] [2007] [2008] [2009] [2010] for AJISAI is larger (−9 m/year) than for Starlette (−7 m/year). It means that the decay of AJISAI is less dependent on the solar activity and it is more linear in time. The mean decay of Starlette is larger than the decay of AJISAI during the high solar activity periods, but lower during the low solar activity. Bezdek and Vokrouhlicky (2004) found a mean decay of Starlette's semi major axis of about Δa = −30 m/year from a 20-year analysis of the secular decay of geodetic satellites. However, in the considered period (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) two maxima of solar activity occurred which increased the orbital decay, whereas in the period considered in this paper the low solar activity is dominating.
The theoretical decay of the semi-major axis derived by Beutler (2005) yields:
However, the large variations of the air density do not allow deriving an exact ρ value using just the theoretical considerations. Beutler (2005) derived also an approximated relation between the drift of a satellite eccentricity and semi-major axis, which reads as:
Indeed, besides the variations with the periods equal to perigee drifts (see Figure 8 ), the orbital eccentricity exhibits a secular drift, and thus, the orbits become more 'circular'. The secular drift of orbital eccentricity is 1.8·10
−6 /year, 2.2·10 −6 /year, and 2.1·10 −6 /year, for AJISAI, Starlette, and Stella, respectively. Therefore, the estimated secular drift of eccentricity agrees very well with the theory for AJISAI and Starlette. For Stella the estimated drift is 2.5 times smaller than the drift according to the approximated equation. It shows that the approximation is not fully appropriate for nearly-circular orbits. 
LARES
LARES was launched in February 2012, thus, the period of the available SLR observations is shorter than for other spherical satellites. Figure 9 shows the decay of semi-major axis with a rate of about Δa = −1.17 m/year. However, between 2012 and 2014 an increased solar activity takes place, thus, the secular decay based on a long-term analysis should be roughly 30% smaller, amounting to about Δa = −0.8 m/year. Sośnica et al. (2014a) found a secular decay of LARES of Δa = −0.78 m/year from the analysis of the first months of LARES data. This discrepancy clearly indicates that an analysis for a longer period of data is necessary in order to obtain a credible value of the semi-major axis decay. The time span should include both, the periods of the high, as well as the low solar activity. The secular decay of LARES eccentricity equals 0.2·10 −6 /year. However, for a reliable assessment of this value, an analysis of a longer time span is needed, as well. 
CONCLUSIONS
The density of the upper atmosphere strongly depends on the solar and geomagnetic activity. The F 10.7 and A p indices are scaling factors of the atmospheric density models. They are, however, non-linear scaling factors amongst which F 10.7 has the dominating impact on the density of the upper atmosphere. The variations of the air density due to A p are much smaller and they do not exceed 10% of the impact of the F 10.7 index. The atmospheric density is almost independent of solar activity below the altitude of 150 km and above 5000 km. The maximum variations of density are at the altitudes of about 700-900 km, where most of the geodetic SLR satellites orbit the Earth, e.g., Starlette, Stella, Westpack, Larets, BLITS, and Beacon-C.
The atmospheric drag affects the S orbit component to the largest extent, and the W to a small extent (about 20x less than S). The R component is virtually unaffected by the atmospheric drag.
Atmospheric drag causes the semi-major axis decay of low orbiting satellites. The mean orbital decay from a 2.3-year analysis of LARES data and a 10 year analysis of AJISAI, Starlette, and Stella data amounts to about Δa = −1.17 m/year, Δa = −12 m/year, Δa = −14 m/year, and Δa = −30 m/year for LARES, AJISAI, Starlette, and Stella, respectively. Atmospheric drag causes as well a reduction of the orbital eccentricity and, thus, the satellite orbits become more 'circular'. The secular drift of orbital eccentricity is 0.2 · 10 −6 /year, 1.8 · 10 −6 /year, 2.2 · 10 −6 /year, and 2.1 · 10 −6 /year, for LARES, AJISAI, Starlette, and Stella, respectively. However, for a reliable assessment of LARES' secular decays, an analysis of a longer time span is needed as the secular decays strongly depend on the solar and geomagnetic activity. The mean decay during the low solar activity (2005) (2006) (2007) (2008) (2009) (2010) for AJISAI is larger (−9 m/year) than for Starlette (−7 m/year), despite a much higher altitude of AJISAI. This effect is related to a much larger area-to-mass ratio of AJISAI and as a result a much larger sensitivity to non-gravitational orbit perturbations as compared to other spherical geodetic satellites. The larger AJISAI's decay than that of Starlette during low solar activity implies that the decay of AJISAI is less dependent on the solar activity and it is more linear in time. The mean decay of Starlette is larger than the decay of AJISAI during the high solar activity periods (up to −60 m/year and −20 m/year for Starlette and AJISAI, respectively), but lower during periods of the low solar activity.
The perturbations of the LARES orbits due to the atmospheric drag are up to about 4.8 · 10 −11 in the S orbital component, 2.6 · 10 −12 in W , and below 1.0 · 10 −14 ms −2 in R. The Lense-Thirring effect introduces an acceleration on LARES of about 1.4 · 10 −10 ms −2 , but only in the W and R directions. However, both the atmospheric drag and the LenseThirring effect introduce the once-per-revolution-like perturbations on the satellite orbits in W (Hugentobler 2008; Iorio 2008) . Thus, the proper modeling of the atmospheric drag is indispensable for the confirmation of the Lense-Thirring effect with the accuracy below 1% using LARES, as the periodic orbit perturbations in W caused by the atmospheric drag during high solar activity periods correspond to about 1.9% of the perturbations caused by the Lense-Thirring effect.
